In a previous study on the nutritional requirements of Fusobacterium nucleatum it was reported that growth factors were present in yeast extract for these microorganisms (Omata, 1953) . Further studies were made to elucidate the nature of these growth factors in a simplified medium under different environmental conditions.
In this present study it has been found that pantothenic acid, tryptophan, and purines were essential for the growth of certain oral fusobacteria.
MATERIALS AND METHODS
The six strains of the fusiform bacteria employed in this investigation were of the Fusobacterium nucleatum type as described by Jackins and Barker (1951) . Stock cultures were maintained in tubes of fluid thioglycolate medium with 0.5 g of powdered CaCO3 added per 9 ml of medium. Cultures were transferred at weekly intervals.
The basal medium, to which the various growth factors were added, had the following composition per L: vitamin-free acid hydrolyzed casein (Difco), 10 g; glucose, 5 g; KH2PO4, 1.2 g; K2HPO4, 1.2 g; L-cystine, 0.2 g; DL-tryptophan, 0.2 g; FeSO4 4H20, 2.5 mg; MnSO4 4H20, 2.5 mg; MgSO4 * 7H20, 25 mg; thiamin hydrochloride, 1000 ,ug;, riboflavin, 1000 ,ug; (Omata and Disraely, 1956) . After incubation, the contents of each tube were shaken, transferred into optically calibrated Beckman colorimeter tubes, 13 by 150 mm, and the optical density measured on the Beckman model B spectrophotometer (520 m,u).
The vitamins and amino acids were obtained from Nutritional Biochemicals Corporation. DLPantoic acid was kindly supplied by Dr. R. A. Peterman, Merck and Company, Rahway, New Jersey. Purines and pyrimidines were obtained from the Schwartz Laboratories, Inc., Mount Vernon, New York, and 4-amino-5-imidazole carboxamide was obtained from the California Foundation for Biochemical Research, Los Angeles, California.
RESULTS
The only essential vitamin for growth of all six strains was calcium pantothenate. In experiments with the addition of DL-pantoic acid and f3-alanine, singly or in combination, all six strains did not show any growth response. All strains required approximately 10 times more pantothenol than pantothenate for equivalent growth. In comparing the growth response of strain LIA in complete media containing pantothenate, pantetheine, or coenzyme A, pantothenate showed the highest activity, with pantetheine and coenzyme A following in that order (figure 1).
Many unsuccessful experiments were run to replace vitamin-free acid hydrolyzed casein (Difco) with different combinations of 19 pure L-amino acids; however, it was found that tryptophan was required for active growth of all strains in the range from 0.01 to 0.1 mg per ml of complete medium. The addition or omission of cystine in the presence of tryptophan had no effect on the ultimate growth.
A number of purines and their derivatives were tested in the basal medium with 5 ,ig of calcium pantothenate per tube. Of these adenine, adenosine, hypoxanthine, and 4-amino-5-imidazole carboxamide, a purine precursor, were capable of satisfying the purine requirements. Adenine was most active in respect to the effective concentration range and also in the total growth response. Adenosine was more active than the carboxamide and hypoxanthine. The relative activity of adenine, hypoxanthine, and 4-amino-5-imidazole carboxamide can be seen in figure 2. The combination of these three compounds gave a growth response approximately 10 per cent greater than the response with adenine alone at a given concentration, which approximated the NUTRITIONAL REQUIREMENTS OF FUSOBACTERIA total growth response to an optimal concentration of acid-hydrolyzed yeast extract.
The compounds which did not show any activity were guanine, adenylic acid, adenosine triphosphate, inosine, and xanthine. The pyrimidines, such as uracil, thymine, cytosine, and thymidine, had no effect on growth response.
DISCUSSION
It is of interest to note that fusobacteria are able to use three forms of pantothenic acid. Although both pantetheine and coenzyme A are highly effective in promoting growth, the fusobacteria are able to utilize pantothenate more efficiently than the more complex forms. King and Cheldelin (1953) reported that in the case of Acetobacter suboxydans, the growth promoting activity of coenzyme A, pantetheine, and pantothenate decreased in the order listed. Brown et al. (1955) found that lactic acid bacteria, in general, do not use coenzyme A and also showed pantothenate to be more active than pantetheine. They have concluded that those organisms, such as A. suboxydans, which are able to use the complex pantothenate derivatives, more readily absorb sulfhydryl-containing derivatives than the free pantothenic acid, whereas for the lactic acid bacteria, the larger complexes do not readily pass the cell wall. In the fusobacteria, it seems that the utilization of pantothenate and its derivatives lies somewhere between these two extremes.
The strains of oral fusobacteria studied are rather unusual in that a precursor, 4-amino-5-imidazole carboxamide is able to satisfy the purine requirements. Aaronson (1955) and Aaronson and Rodriguez (1957) have extensively studied the purine requirements of Staphylococcus flavocyaneus and Gaffkya homari. They found that the carboxamide and carboxamidine were utilized for their purine requirements. In their studies, they found that carboxamidine was more efficiently used than carboxamide.
Although the efficacy of 4-amino-5-imidazole carboxamidine was not tested, the work of Aaronson and others has shown evidence that carboxamidine is a precursor of adenine, while the carboxamide is the precursor for hypoxanthine. The similarity in the growth response of fusobacteria to hypoxanthine and carboxamide is suggestive that this may also be true in this case.
SUMMARY
A study of the nutritional requirements of oral fusobacteria, nucleatum type, shows the absolute requirement for pantothenic acid, pantetheine, or coenzyme A. Adenine, hypoxanthine, 4-amino-5-imidazole carboxamide, and tryptophan were also required in a basal medium containing acid hydrolyzed vitamin-free casein.
